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The direction of bootstrap current depends on the 
curvature of magnetic field. The curvature due to the 
helical ripple creates the bootstrap current flowing in the 
opposite direction to the one caused by the axisymmetric 
toroidal curvature which increases the rotational trans-
form. In heliotron/torsatron devices, total bootstrap 
current in most cases flows in the direction to increase the 
rotational transform. It includes the negative contribution 
of the bootstrap current caused by helical ripples. In the 
design of Wendelstein VII-X, the cancellation of the 
bootstrap current from the helical curvature and the 
toroidal curvature is planned as one of the physics issues 
for the configuration optimization. 
In the quasi-axisymmetric stellarator, since it has 
only toroidal curvature, the large amount of bootstrap 
current is expected to appear in the same order of tok-
amaks. The design philosophy of NIFS qa device is to 
make use of such spontaneous current as much as possi-
ble instead of holding it down. The strategy is similar to 
the advanced tokamak operation where the large contribu-
tion of bootstrap current in the toroidal plasma current 
plays an important role. 
Self-consistent calculation of bootstrap current was 
made with the fixed boundary equilibrium calculation. 
The plasma parameters were chosen in a moderate range 
which could be easily obtained based on the existing 
confinement scaling of helical devices : the major radius 
is 2 m, the magnetic field is 1 T, the central electron 
d . . 5 013 -3 enstty IS x 1 em , the central electron/ion temper-
ature is 1.0/0.8 keY and the profile of density and temper-
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atures are assumed to be parabolic. The central beta value 
becomes 3.6 %. The calculated total bootstrap current is 
53 kA. The rotational transform profile is shown in Fig. 
1 together with a vacuum profile written by dotted line. 
Since the bootstrap current does not appear on the axis, 
central rotational transform does not increase. The reduc-
tion of its value is due to the Shafranov shift. 
This profile crosses one of the most dangerous ra-
tional value of l/3 with a sufficient magnetic shear. It 
also provides a shear reversal point at 70 % minor radius. 
Such shear reversal gives a possibility of transport barrier 
which has been observed in many tokamaks. 
The most important question for the equilibrium 
with a bootstrap current is whether the quasi-axisymmetry 
is conserved or not. Figure 2 gives the answer to this 
question. The mod-B contours of the finite beta equilib-
rium with bootstrap current show 1/R structure of the 
magnetic field strength. The Boozer spectrum of mag-
netic field ripples also shows magnetic field structure 
with a good quasi-axisymmetry. 
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Fig. 1. Rotational transform profile with bootstrap cur-
rent. Vacuum case is plotted with dotted line. 
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Fig. 2. Contour plots of magnetic field strength for an equilibrium with bootstrap current. 
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